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(54) Electrophotographic imaging apparatus 

(57) A toner cartridge (1 ) contains a photoconduc- 
tive drum (49) having a central shaft (47), Gear (145) 
turns with the drum and has a stud (602). A coil spring 
(604) is mounted on the stud to form a spring clutch 



which is unwound by the rotation of the drum during im- 
aging. Alternatively, a flat frlctional surface is pressed 
against the side wall (600b) of the gear. Both contact 
areas have a light grease. The drag forces provide ac- 
curate, smooth operation during imaging. 



FIG. 1 
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[0001] This invention relates to electrophotographic 
development and. more particularly, to improved control 
of photosensitive roller movement during imaging oper- 
ation. 

[0002] Prior to 1 997 we manufactured and sold com- 
mercially toner cartridges of two different general de- 
signs. For our larger laser printers the cartridge has con- 
tained a pump to meter toner, of the kind disclosed in U. 
S. Patents Nos. 5.01 2.289 and 5.101 .237. while the ex- 
ternal structure of the cartridge is as disclosed in U.S. 
Patent No. 5.136,333. Details of other elements in the 
cartridge have varied. 

[0003] For a smaller, light emitting diode printer, the 
cartridge is as disclosed in U.S. Patent No. 5.337,032. 
which has a toner hopper extending well below a level 
having th e toner adder roller and which has independent 
driven systems for the photoconductor roller and for the 
developer roller system, as disclosed in U.S. Patent No. 
5,331,378. 

[0004] Cartridges are typically located by elements on 
their cover or frame, not directly based on the location 
of photoconductor. In 1997 we began selling a printer 
with cartridge having the shaft of the photoconductor 
drum as the primary locator and a flat ledge opposite for 
resting on a roller member in the printer. This cartridge 
contains a photosensitive roller, the central shaft of 
which extends unobstructed to be contacted by the 
printer as a vertical and front to rear locator A hopper 
and developer roller assembly is attached to the car- 
tridge cover assembly through a spring force. The car- 
tridge cover assembly has elongated surfaces to re- 
ceive a downward pressing member from the printer. 
The hopper and developer roller assembly has flat ledg- 
es to ride on rollers in the printer thereby permitting ad- 
justment of the contact between the photosensitive roll- 
er and the developer roller. A cover assembly integral 
with the photoconductive roller has a locating surface 
near the hopper which rests on the frame of the printer 
positively locating the photoconductive roller. 
[0005] The two front support wheels which define the 
plane of lateral movement between the two assemblies 
are in the printer, with a flat surface on the hopper to 
receive these rollers. Since the under side of the devel- 
oper unit is part of the media path, referencing the hop- 
per assembly to the printer improves location accuracy 
of the media path. The cartridge is resistant to rough 
handling. A minor advantage is that the cost of the 
wheels and their installation is eliminated from the car- 
tridge. 

[0006] The photosensitive roller is integral with a gear 
with teeth. These teeth mesh with a gear from the print- 
er Other mechanisms in the cartridge are separately 
driven. However, a photosensitive roller is subject to 
forces from a paper or other media which are pulled 
across the roller to transfer the toner image. Another in- 
fluence is the developer roller, which has a nip contact 



to the photosensitive roller and a higher tangential ve- 
locity. 

[0007] The photosensitive roller experiences drag 
from the cleaner blade. However, during use the wear 
5 of the cleaner blade results in the drag dropping greatly. 
Other drag forces, such as at the bearings, are very 
small. 

[0008] Paper contacting the photosensitive roller is 
being pulled by the fixing station while the trailing part 
10 of the paper is still in contact with the photosensitive 
drum. Wrinkle-free paper handling often results in ten- 
sion from the fuser roller that may be significant. 
[0009] The effects of low inherent drag on the photo- 
sensitive roller, an incidental driving force from the de- 
15 veloper roller, and the pull from the fuser roller nip. alone 
or in combination, can result in imprecise and wavering 
rotation of the photosensitive roller (termed "jitter"). The 
teeth between the input gear of the photosensitive roller 
and the drive gear may actually separate tangentially, 
20 resulting in quite apparent distortion of the printed im- 
age. Additionally, since pressure at the teeth tends to 
physically flatten surface defects, loss of such pressure 
results in some loss of precise rotation and consequent 
impairment of the printed image. 
25 [001 0] Aspects of the present invention are set out in 
the appended claims. 

[0011] In a preferred form this invention applies a 
highly uniform frictional drag to the photosensitive drum. 
A spring clutch operating in the unwind direction applies 
30 such a drag and is so employed. Unifomi response is 
also achieved by having grease at the friction surface. 
Where drag is produced by lateral movement of two con- 
tacting surfaces, the friction characteristics of th 
grease provide uniform drag. In all cases the grease pro- 
35 motes consistent, smooth operation. 

[0012] To obtain high precision control of the photo- 
sensitive roller from the drive gear intended to control 
the roller, a frictional member having uniform drag is 
pressed against the photosensitive roller with the area 
40 of contact having a grease. Preferably, the frictional 
member is a coil spring clutch tightly wrapped around a 
stud which surrounds the roller shaft, with roller opera- 
tion being in the direction to unwind the spring. On the 
side of the spring facing the side wall of the roller, two 
45 low friction washers separate the spring from the side 
wall so that the one contacting the side wall normally 
turns and the one contacting the spring remains station- 
ary, thereby protecting the end of the spring from rub- 
bing contact. 

50 [0013] The term "spring clutch" is used to designate 
a mechanism in which one end of the spring is prevented 
from rotating, thereby, as is conventional, permitting the 
spring to wind tight or unwind depending on the rotation 
of the shaft on which the spring is wound. 
55 [0014] An alternative frictional member is a flat sur- 
face pushed into contact with the side wall of the pho- 
tosensitive roller. 

[0015] The term "photosensitive roller assembly" is 
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used to incorporate necessary elements to this inven- 
tion connected to the roller, such as the stud and side 
wall. 

[001 6] An embodinnent of the invention will now be de- 
scribed by way of example and with reference to the ac- 
companying drawings, in which:- 

Fig. 1 is a perspective view of the toner cartridge 
from above and left rear, where left is determined 
facing the printer from its front side where cartridge 
insertion is made; 

Fig. 2 is a perspective view from above and left front 

of the cartridge sectioned near the top; 

Fig. 3 is a top right front view of the cartridge with 

further cover elements removed; 

Fig. 4 is a top right rear view of the cartridge with 

cover elements removed; 

Fig. 5 is a top left rear view of the cartridge with cov- 
er elements removed; 

Fig. 6 is a top right rear view of the cartridge sec- 
tioned similarly to the sectioning of Fig. 2; 
Fig. 7 is a bottom left front view of the cartridge; 
Fig. 8 is a bottom right rear view of the cartridge; 
Fig. 9 is a front right perspective view of the hopper 
housing member; 

Fig. 1 0 is a reproduction of a photograph of a per- 
spective view of the installed coil spring; 
Fig. 11 is a line drawing of a perspective view similar 
to Fig. 10; 

Fig, 1 2 is an exploded view othenwise similar to Fig. 
11; 

Fig. 1 3 is an exploded perspective view of a frictlon- 

al element having a flat surface; and 

Fig. 14 illustrates the element of Fig. 1 3 assembled. 

[0017] The self-contained, removable printer car- 
tridge 1 is shown in Fig. 1 in a perspective view from 
above and left rear (the hand grips 3a and 3b being con- 
sidered the front and the side having the pivoted upper 
shutter 5 being the upper side). 

[0018] For purposes of illustration, Fig. 1 shows the 
upper shutter 5 pivoted downward to its open position 
and lower shutter 7 pivoted rearward and upward to its 
open position. In actual operation, these positions are 
reached by interaction with the printer or other device in 
which cartridge 1 is installed as will be explained below. 
[0019] To facilitate and guide insertion of cartridge 1 
into the printer, cartridge 1 has a left guide wing 9a and 
a right guide wing 9b. Guide wings 9a and 9b are thin 
planes formed as arcs of a relatively large circle, except 
near the front, where the bottom 9aa is enlarged down- 
ward. Guide wings 9a and 9b are mirror images of each 
other except that, in this particular embodiment de- 
scribed, the left guide wing 9a is wider (extends further 
laterally) than the right guide wing 9b simply to accom- 
modate the width provided by a particular printer in 
which this particular cartridge 1 is to be installed. 
[0020] In the embodiment herein described, bottom 



shutter 7 is pivoted from left rear cover 31a on a left top 
actuator link arm 11a and from right rear cover (not 
shown) on a right top actuator link arm 11b, located on 
opposite sides of shutter 7, Each link arm 11a and lib 
5 is integral with an actuator 1 3a and 1 3b, respectively, 
each of which has a rectangular actuator surface 13aa 
and 1 3bb, respectively, which extends over the respec- 
tive guide wings 9a, 9b. 

[0021] A pivoted lower shutter link 15a and a side of 

10 the lower shutter 17a, pivoted to lower shutter link 15a 
and left top actuator link arm 11a, complete a conven- 
tional four bar linkage to provide rotation of shutter 7 in 
response to rotation of actuator 1 3a. The rear end of coil 
spring 19a connects to a lower hook 11aa in link arm 

?5 11a to bias shutter 7 closed when the cartridge is not 
inserted in a printer or other device. The front end of coil 
spring 19a connects to an upper hole 31 aa under actu- 
ator 1 3a. A mirror image of these parts (see Fig. 3) exists 
on the opposite side, the corresponding parts of which 

20 will be designated by the same number with "b" letters. 
[0022] When cartridge 1 is installed in the printer, ac- 
tuator surfaces 13aa and 13bb are pushed downward 
by the mating surfaces of the printer to the positions 
above wings 9a, 9b respectively, as shown in Fig. 1 . 

2S [0023] Cartridge 1 is inserted by a human operator 
grasping grips 3a, 3b through holes 3aa, 3bb and mov- 
ing cartridge 1 in the direction of shutter 5 and toward 
the rear of the printer in which it is being installed. A 
series of upwardly extending ribs 21 spaced along the 

^0 width of cartridge 1 under grips 3a, 3b, except at holes 
3aa and 3bb, provide strength while holes 3aa and 3bb 
provide room for the fingers of a person to grasp grips 
3a, 3b. On the left side is a relatively wide, upwardly 
extending tab 23. In a preferred combination of the em- 

35 bodiment of the invention described herein and an ex- 
emplary printer the top of tab 23 interacts with a physical 
sensing switch in the printer to detect that a cartridge 1 
has been installed. 

[0024] Front cover 25, on which grips 3a, 3b. ribs 21 
^0 and tab 23 are integrally formed, is above a separated 
toner hopper, as will be described. The top cover of 
cleaner chamber 27 is rearward of shutter 5. 
[0025] Immediately inside wings 9a and 9b are raised, 
elongated locator surfaces 29a, 29b to which pressure 
is applied by a printer to firmly position the toning mech- 
anisms of cartridge 1 when cartridge 1 Is installed. Lo- 
cator surfaces 29a and 29b. wings 9a and 9b, as well 
as rearcover 31 under wing 9a, are formed integral with 
cleaner housing 27. Also integral with these elements is 
50 front cover 25, having grips 3a, 3b and an outer cover 
33 on the left side and generally coextensive in length 
with the length of front cover 25. Cover 33 has a U- 
shaped housing 35 at its top. Housing 35 traps spacer 
stud 37a as will be explained and an assembly hole 39a 
55 near the upper front of cover 33 and a spring-holding 
hole 39b near the lower front of cover 33. 
[0026] A coupler 41 receives a drive element from a 
printer which contains an Oldham coupler to rotatably 
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drive the developer roller 43 (not shown in Fig. 1) and 
toner adder roller 45 (not shown in Fig. 1). To the rear 
of coupler 41 is the shaft 47 of photoconductor drum 49 
(drunn not shown in Fig. 1). 

[0027] Fig. 2 is a perspective view from above and left s 
front of cartridge 1 sectioned near the top to show inter- 
nal elements. At the immediate front is a large, cylindri- 
cal toner hopper 61 , having a paddle 63, which, during 
operation, is rotated clockwise as seen in Fig. 2. Paddle 
63 has an outer toner moving bar 63a. which extends io 
across the width of hopper 61 except for a far left section 
63aa which is inset as will be explained. The rear wall 
61a of hopper 61 when cartridge 1 is installed for oper- 
ation in a printer terminates at about one-third of the total 
height of hopper 61 as a flat surface 61 aa (specifically, ^5 
hopper 61 has a 106 mm diameter and the distance ver- 
tically from the lowest point of hopper 61 to the horizon- 
tal plane coinciding with the highest point surface 61 aa 
of rear wall 61a is 35.3 mm). The upper surface 61aa of 
rear wall 61 a is thin and flat with a slight downward angle 20 
from hopper 61 to facilitate removal of the molded part 
from its mold.' An extension 65a from an agitator bar 65 
has a depending tab 65b (see Fig. 9) which rests on up- 
per wall 61 aa thereby positioning agitator bar 65 slightly 
above upper wall 61aa, Extension 65a extends past up- 2£ 
per wall 61 aa to a location at which bar 63a of paddle 
63 encounters extension 65a as it rotates. The surface 
61aaa opposite surface 61 aa from which toner exits is 
flat and at approximately 50 degrees from vertical ("A" 
in Fig. 9) when cartridge 1 is installed for operation in a 30 
printer. 

[0028] Vertical ribs 67 located immediately rearward 
of rear wall 61a are stiffeners for top wall 69 formed 
about one-third down from the top of hopper 61. The 
toner moving bar 63a of paddle 63 is closely adjacent 3S 
to the sides of hopper 61 except where the top of rear 
wall 61a and the start of top wall 69 form an opening for 
toner to be delivered rearward from hopper 61 to the 
toning mechanisms of cartridge 1 . This is best shown in 
Fig. 9. 

[0029] In Fig. 2, a small part of developer roller 43 to 
which coupler 41 is directly attached, is seen past ribs 
67. Developer roller 43 is parallel to and in contact with 
photoconductor drum 49. Cleaner chamber 27 has 
spaced, vertical internal baffles 71 . which are strength- 
ening members, as well as members which limit unbal- 
anced accumulation of toner in chamber 27. Toner 
which is not transferred during development is scraped 
from photoconductor drum 49 by cleaning blade 73, 
which is mounted to a vertical panel 73a, having a hor- Si 
izontal gusset 73aa to increase strength. As best seen 
in Fig. 3, panel 73a is mounted to supporting member 
75, which has vertical columns 75a (Fig. 2), 75b on op- 
posite sides. Panel 73a is mounted to the vertical col- 
umns 75a, 75b by a screw 77a to column 75a and a 5 
screw 77b to column 75b. 

[0030] Fig. 3 is a top right side view with further cover 
elements removed and part of the cleaner removed to 



illustrate the internal configurationof cartridge 1. A solid, 
steel-bar doctor blade 91 extends parallel with and in 
pressure contact with developer roller 43. Blade 91 con- 
tacts roller 43 at about 20 degrees from the vertical to- 
ward tonei- adder roller 45. Also shown in Fig. 3 are met- 
al electrical contact 93 to doctor blade 91, metal electri- 
cal contact 95 to toner adder roller 45 and metal electri- 
cal contact 97 to developer roller 43. The outer ends 
93a, 95a, 97a of the contacts bear against metal con- 
tacts in the printer when cartridge 1 is installed and 
thereby make electrical contact to receive electrical po- 
tentials from the printer. 

[0031] The developing system of cartridge 1 is essen- 
tially very similar to that of our Optra brand family of 
printers. As in that family of printers, toner adder roller 
45 is a conductive sponge material attached to a steel 
shaft and developer roller 43 is semiconductlve material 
attached to a steel shaft. When cartridge 1 is installed 
for operation in a printer, cartridge 1 is oriented generally 
as shown in Fig. 3 and the horizontal plane containing 
the lowest surface of toner adder roller 45 is 22.6 mm 
above the lowest point of hopper 61 . 
[0032] Toner adder roller 45 and developer roller 43 
are journaled in the rearward extensions 99a and 101a 
(Fig. 4) of the end members 99 and 101 (Fig. 4) of hop- 
per 61 . Agitator 65 has a bent portion 65aa to become 
parallel to extension 99a where it is pivoted to extension 
99a on pin 103a. As paddle 63 rotates, bar 63a contacts 
extension 65a. thereby rotating agitator 65 around pin 
103a upward. Agitator 65 then returns to near rear wall 
61a under the force of gravity to dislodge toner, which 
otherwise tends to accumulate on exit surface 61aaa 
(see Fig. 9). Since this application is directed to im- 
proved control of movement of photoconductor drum 49. 
further details of toner movement will be minimized in 
this description. 

[0033] Fig. 4 is a top right rear view with cover ele- 
ments removed showing more fully the end members 
99 and 101 of hopper 61 and their extensions 99a and 
101a. Integral with end member 101 is spacer stud 37b. 
Under and to the front of stud 37b is spring mounting 
post 131b, which mounts one end of spring 132b. the 
other end of which Is mounted on hole 242 (best seen 
in Fig. 20). 

[0034] Also integral with end member 101 is perpen- 
dicular shield wall 133, which extends downward and 
reanward to present a barrier to physically protect en- 
coder wheel 135. Further details of the encoder wheel 
are not pertinent to this invention. 

» [0035] Fig. 4 also shows electrical contacts 93, 95 and 
97 as they are supported by floor 1 37 which extends 
perpendicularly from hopper extension 101a Vertical 
ribs 1 39 extend from floor 1 37 between contacts 93, 96 
and 97 to strengthen the floor 1 37. 

> [0036] Mounting roller 1 41 a is journaled to hopper ex- 
tension 99a and symmetrical mounting roller 141b is 
mounted to hopper extension 101a. Rollers 141a and 
1 41 b contact inside surfaces of the cover of cartridge 1 , 
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as will be described. Surfaces 133a and 161a (Fig. 5) 
of hopper 61 rests on rollers in the printer as will be fur- 
ther described. 

[0037] Hopper end member 101 has an opening re- 
ceiving a closely-fitting, resilient, cylindrical plug 1 43, 
Prior to installing plug 143, toner is loaded into hopper 
61 through the open hole, then plug 143 seals the hole. 
[0038] Photoconductor roller 49 has at its left end a 
gear 49a fixed to roller 49. At its right end photoconduc- 
tor roller 49 has a transfer roller drive gear 145, which 
drives a roller in the printer when cartridge 1 is installed 
in the printer. Gear 49a is a helical gear with teeth (not 
shown in Fig. 4) which mesh with teeth of a gear (not 
shown) in printer 1 to receive drive torque to rotate pho- 
toconductor roller 49 during imaging operation. 
[0039] Gear 145 is a molded integral plastic element 
having an inner side wall 600a and outer side wall ridge 
600b and a central stud 602 (Fig. 10) through which 
shaft 47 extends. In accordance with this embodiment, 
a coil spring 604 (see Fig. 10) forms a spring clutch. 
[0040] Fig. 5 is a top left rear view with cover elements 
removed showing more fully the outside of members 99 
and 99a of hopper 61. Integral with end member 99 is 
spacer stud 37a. Under and to the front of stud 37a is 
spring mounting post 131a. which mounts one end of 
spring 1 32a, the other end of which is mounted in a hole 
in a member, which is an Inner extension of cover 33 
(Fig. 2). 

[0041] Also integral with end member 99 is perpen- 
dicular shield wall 161, which extends downward and 
rearward to a barrier to physically protect torsional pad- 
dle gear assembly 163. The bottom portion of wall 161 
forms a flat contact surface 161a to receive a locating 
roller from the printer when cartridge 1 is installed. The 
details of paddle gear assembly 1 63 are not relevant to 
invention. 

[0042] Gear 49a. integral with the end of photocon- 
ductor drum 49, receives power from a meshing gear in 
the printer when cartridge 1 is installed in the printer. 
Coupler 41 is integral with developer roller 43 and drives 
idler gear 165, which drives toner adder roller 45 (Fig. 
3) by being meshed with gear 1 67. which is integral with 
toner adder roller 45. Coupler 41 receives power from 
a driver in the printer which is separate from the drive to 
drum 49. although preferably from a single motor In the 
printer. 

[0043] Gear 167 drives the large gear of compound 
gear 169. Gear 169 drives the large gear of compound 
gear 171, and gear 171 drives paddle gear assembly 
163. A gear plate 173. mounting gears 165 and 169, is 
mounted on hopper extension 99a by mounting screw 
175. 

[0044] Fig. 5 shows the end of agitator 65 opposite 
that shown in Fig. 3. That end has a bent portion 65bb 
to become parallel to extension 101a of end member 
101 when it is pivoted to extension 101a on a pin 103b. 
[0045] Continuing the detailed description of the car- 
tridge incorporating a preferred embodiment of the 



present Invention, Fig. 6 is a top right rear view sec- 
tioned near the top similar to the sectioning of Fig. 2. 
Fig. 6 illustrates more clearly the mounting of doctor 
blade 91 mounted to press on developer roller 43 under 

s the bias of leaf spring 191. Blade 91 is located on the 
left rear by tab 361 and on the rear by extension of hop- 
per end member99 which forms front and back barriers 
for holding the left side of doctor blade 91. Similarly, on 
the right side, two surfaces extending from extension 

10 101a, including a rear extension 365 and a front exten- 
sion 366 (not shown) form front and back holding the 
right side of doctor blade 91 , symmetric to the cage hold- 
ing the left side of doctor blade 91. The top of blade 91 
is held by spring 191 . An adhesive tape 192 across the 

'5 top of the doctor blade 91 bridges over the adjoining hor- 
izontal edge of wall 69 (Fig. 2) for sealing, as Is conven- 
tional. 

[0046] Spring 191 has blunt ends 191a and 191b, 
spaced from the center, which contact blade 91 to bias 

20 it downward on to developer roller 43. A central ledge 
197, integral with ribs 67, fomns a cavity receiving the 
center of spring 191. Horizontal ledges 199a and 199b, 
opposite central parts of spring 191. formed integral with 
ribs 67, are horizontal barriers to prevent spring 191 

2S from moving toward the front. Preferably, so as to permit 
rough handling of cartridge 1 which might occur during 
shipment, solid upper stop members (not shown) are at- 
tached by double sided adhesive on each side between 
ledges 199a and 199b and the sides 99a and 101a. re- 

30 spectively. These are spaced 0. 1 8 mm above the top of 
blade 91 and, therefore, contact blade 91 only during 
rough handling. 

[0047] Fig. 6 also illustrates posts 141aa and 141bb. 
which are molded as extensions of members 99a and 

35 101a, respectively, and supporting mounting rollers 
141a and 141b, respectively (Fig. 5). 
[0048] Fig. 7 is a bottom left front depiction of car- 
tridge 1 viewed externally. A series of horizontal depres- 
sions 221 along the back of hopper 61 provide a rough- 

40 ened surface for thumbs when fingers grasp the car- 
tridge through opening 3aa and 3bb. A series of rela- 
tively long vertical ribs 223 integral with the bottom of 
hopper 61 serve as paper and other media guides, while 
a series of shorter ribs 225. located rearward of the start 

45 of ribs 223 and between ribs 223, prevent media snags 
as media encounter photoconductor drum 49, located 
Immediately after ribs 223 and 225. Past drum 49, media 
encounter further media guide ribs 227 located on the 
bottom of shutter 7. Fig. 7 also affords a clear view of 

50 Idler gear 1 65 and gear 1 67. 

[0049] Fig. 8 is a bottom right rear depiction of car- 
tridge 1 viewed externally. This shows the full right guide 
wing 9b with enlarged front part 9bb. Fig. 8 shows the 
right cover elements which were deleted in Fig. 6. A front 

55 tower cover section 241 is over much of the encoder 
wheel 1 35 and has an access hole 243 for ease of as- 
sembly and has an access opening 244 (best seen in 
Fig. 20). Cover section 241 Is stepped outward a small 
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amount to provide room for spring (not shown) Xo extend 
between post 1 31b (Fig. 4) and hole 242. 
Generally, above and forward of and integral with cover 
section 241 is cover section 245, which is over the re- 
nnaining upper front of cartridge 1 . Section 245 has a U- 
shaped housing 247 at its top which traps spacer stud 
37b. In the rearward part of section 245 opposite the 
area above photoconductor drum 49, are located rec- 
tangular channels 249 with the second rectangular 
channel 249a and the last rectangular channel 249b be- 
ing open to pass air for cooling photoconductor drum 49 
during operation of cartridge 1. 

[0050] The far rear portion 251 of this particular em- 
bodiment of the invention herein described mounts links 
lib and 17b to shutter 7. A bottom section 253 of the 
cover located under and forward of passages 249a and 
249b mounts the shaft 47 of photoconductor drum 49 
and has two upper symmetrical vent holes 255a and 
255b to pass air for cooling drum 49. 
[0051] Fig. 9 is a front right perspective view of the 
molded plastic member housing 271 which forms the 
central portion and central extension of hopper 61 with 
end member 99 attached and agitator 65 installed. It is 
seen to form a cylindrical chamber with an exit opening 
formed between wall 69 and wall 61a. An inset 273 at 
the bottom rear of hopper 61 provides space.for rollers 
In the printer. As best seen in Fig. 2. paddle bar 63a has 
an inset 63aa to clear inset 273. 

[0052] rvlember 271 has a slot 275 around its right 
side. A directly similar slot is around the left side. End 
memberlOl has a mating ridge 321 (not shown). During 
manufacture- slot 275 is mated with that ridge in end 
member 101 and the two are welded together with ul- 
trasonically created heat. Member 99 is welded to the 
left side of member 271 in the same manner with ridge 
(not shown) inserted in a mating slot (not shown) on the 
left side of member 271 . 

[0053] A notch 277 above agitator extension 65a al- 
lows for sufficient rotation of agitator 65 to allow paddle 
arm 63a to pass beyond extension 65a while preventing 
a full turn-over of agitator 65. 

Developer Assembly 

[0054] The housing 271 and its attached end mem- 
bers 99 and 101, form toner hopper 61 . Extension 101a 
journals toner adder roller 45 and developer roller 43. 
Gear plate 173, which is attached to extension 99a by 
screw 175, journals the opposite ends of toner adder 
roller 45 and developer roller 43. Accordingly, a single 
unitary assembly is formed of the hopper 61 rearward 
to and including developer roller 43. 

Photoconductor and Cover Assembly 

[0055] Front cover 25 grips 3a. 3b. left outer cover 33. 
rear wall 31, (Fig. 1) right cover sections 241, 245, and 
251 . (Fig. 8) wings 9a. 9b and cleaning chamber 27 are 



a single molded part. Photoconductor 49 is journaled in 
this part with its shaft 47 extending past the covers on 
opposite sides. Shutter 7 is movably supported to left 
cover 31 and right rear cover 251 . Accordingly, a single 

s unitary assembly is formed of the cover members, the 
photoconductor drum 49 and the shutter 7. 
[0056] In use, springs 132a and 132b pull the devel- 
oper roller 43 against the photoconductor drum 49 at a 
predetermined tension. When cartridge 1 is picked up, 

10 the developer assembly and the photoconductor and 
cover assembly rotate under gravity until stud 37a (Fig. 
1) contacts housing 35 and stud 37b (Fig. 8) contacts 
housing 247. thereby holding the two assemblies to- 
gether 

15 

Toner 

[0057] In a preferred embodiment cartridge 1 employs 
monocomponent electrophotographic toner which may 

20 be basically conventional. The amount of toner in hop- 
per 61 is limited by pressure impairing print quality and 
sensing of toner level by toner resistance on paddle 63, 
When cartridge 1 is in the installed position, a typical top 
level of toner will be somewhat above the upper barrier 

25 wall 61 aa. The presence of toner at a highest level is 
indicated in Fig. 9 by surface lines of toner 425, but the 
toner is shown otherwise as transparent for clarity. The 
actual toner is. of course, an opaque, dry powder During 
use. the toner is depleted to kDwer levels and it is moved 

30 by paddle 63. As is conventional, developer roller 43 ap- 
plies toner 425 to photoconductor drum 49 to develop 
electrostatic images on photoconductor drum 49. 

Drag Elements 

35 

[0058] Fig, 10 shows details in the nature of a photo- 
graph of the gear 145 having coil spring 604 wrapped 
on stud 602. The tapered portion 606 opposite stud 602 
enters photoconductor drum 49 to make a press fit with- 

40 in. Accordingly, in operation, gear 145 is fixed to drum 
49 and turns with it to form an assembly with drum 49. 
Outer side wall ridge 600b is seen in Fig. 10, and the 
teeth 145a are seen as helical gear teeth. Spring 604 
has outer tang 604a, which is blocked from moving dur- 

45 ing normal operation so that a spring clutch is formed, 
(i.e., spring 604 is loosened by the blocking of tang 604a 
unwinding 604). Tang 604a is not blocked on the oppo- 
site side as any backward motion of gear 145 with tang 
604a blocked would strongly tighten spring 604 on stud 

so 602. 

[0059] Fig. 11 is a larger fine drawing similar to Fig. 
10, but showing the teeth 145a only by their outside di- 
ameter Fig. 11 shows the inner side wall 600a and the 
outer washer 608b. Fig. 11 also shows illustratively a 
55 ridge 61 0 in cover 253 which blocks tang 604a as shown 
during normal rotation of drum 49 during imaging. 
[0060] As best seen in the exploded view of Fig. 1 2. 
two washers 608a and 608b made of fluorocarbon and. 
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therefore, of low friction are on stud 602 and separate 
the side of spring 604 from the side wall 600a of gear 
1 45. When spring 604 moves or is mechanically biased 
toward side wall 600a, washer 608a contacts side wall 
600a and washer 608b contacts spring 604. As the fric- 
tion between washers 608a and 608b is lower than the 
friction between washer 608a and side wall 600a, and 
is lower than the friction between washer 608b and 
spring 604, washer 608b is stationary during rotation of 
drum 49 while washer 608a rotates. This assures that 
the end of spring 604 does not contact a moving surface 
with enough frictlonal force to cause a disturbance, 
thereby assuring smooth operation of spring 604. 
[0061] Fig. 13 illustrates an element 620 having a 
raised circular outer ridge 622 that has a flat planar sur- 
face to contact outer side wall 600b. Element 620 has 
a central hole 624 which fits over stud 602 of gear 145. 
Element 620 has an extending knob 620a which is 
blocked by a frame element, illustratively indicated by a 
ridge 626 in the cover 253. Hole 628 is to insert grease 
between ridge 622 and gear 145. A coil spring 630 also 
rests against cover 253 to bias ridge 622 against outer 
side wall 600b. 

Fig. 14 shows the parts assembled. Ridge 622 is 
pressed against outer side wail 600b (Fig. 11) of gear 
145. 

[0062] Both the coil spring 604 and ridge 622 contact 
a light grease, recommended for spring clutches, locat- 
ed where they contact the roller 49 assembly. For ele- 
ment 620, the grease is applied after assembly through 
hole 628. Spring 604 has grease where it surrounds stud 
602. The grease smoothes overall operation. The drag 
from the spring clutch is very uniform and in an amount 
defined by the tightness of the inner diameter of spring 
604 against stud 602, The drag from element 622 is uni- 
form because of the grease. 



(604) wound around said stud, the direction of wind- 
ing of said spring being that which unwinds said 
spring during said rotation. 

s 3. Apparatus as claimed In claim 2, also comprising a 
first and a second washer between said spring 
(604) and said assembly (49), said first washer 
(608b) contacting said spring and said second 
washer (608a) and said second washer contacting 

^0 said assembly, said washers having coefficients of 
friction iess than the surfaces they contact so that 
the washer contacting the spring clutch does not 
move while the washer contacting said assembly 
does move with said assembly. 

15 

4. Apparatus as claimed in claim 3, wherein grease is 
located between said spring clutch (64) and said 
stud (602). 

20 5. An apparatus for electrophotographic imaging com- 
prising a photosensitive roller assembly (49) mount- 
ed for rotation in said apparatus, a gear (49a) inte- 
gral with said assembly for receiving torque from a 
meshing gear of said apparatus to cause said rota- 
2S tion of said assembly during imaging, a frictional 
surface (622) located to press against said assem- 
bly to resist said rotation, and grease located be- 
tween said frictional surface and said assembly. 

30 6. Apparatus as claimed in claim 5, in which said as- 
sembly has an integral side wall (600b) and said 
frictional surface (622) is a flat surface biased 
against said side wall. 
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Claims 

40 

1 . An apparatus for electrophotographic imaging com- 
prising a photosensitive roller assembly (49) mount- 
ed for rotation in said apparatus, a gear (49a) inte- 
gral with said assembly for receiving torque from a 
meshing gear of said apparatus to cause said rota- '*s 
tion of said assembly during imaging, and a uniform 
drag element (604. 622) in contact with said assem- 
bly to apply friction forces which oppose said rota- 
tion. 

so 

2. An apparatus for electrophotographic imaging com- 
prising a photosensitive roller assembly (49) mount- 
ed for rotation in said apparatus on a central shaft 
(47), said assembly having a stud (602) surround- 
ing said central shaft, a gear (49a) Integral with said 
assembly for receiving torque from a meshing gear 
of said apparatus to cause said rotation of said as- 
sembly during imaging, and a coil spring clutch 
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(54) Electrophotographic imaging apparatus 



(57) A toner cartridge (1) contains a photocond ac- 
tive druni (49) having a central shaft (47). Gear (145) 
turns with the drum and has a stud (602). A coil spring 
(604) is mounted on the stud to form a spring clutch 



which is unwound by the rotation of the drum during im- 
aging. Alternatively, a flat frictional surface is pressed 
against the side wall (600b) of the gear. Both contact' 
areas have a light grease. The drag forces provide ac- 
curate, smooth operation during imaging. 
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